ABSTRACT. The aim of the present study was to evaluate the anesthetic and cardiorespiratory effects of tiletamine/zolazepam and the effect of flumazenil on the recovery from tiletamine/zolazepam anesthesia in the pig. Six Landrace and Yorkshire cross-bred pigs (three females and three males, 3-4 months old) weighing 35.8  1.7 kg were used in this study. Pigs were given tiletamine/zolazepam intramuscularly at a dose of 4.4 mg kg -1 (2.2 mg kg -1 tiletamine and 2.2 mg kg -1 zolazepam) of body weight. Twenty minutes after the administration of tiletamine/zolazem, the pigs were given saline solution (control, Group TZ) or given flumazenil intravenously at a dose of 0.08 mg kg -1 of body weight (Group TZF). Anesthesia and recovery times, scores of anesthetic effects and cardiorespiratory variables were recorded for each pig. There was a significant difference between the duration of tiletamine/zolazepam anesthesia with and without the antagonist. Flumazenil significantly shortened the recovery time. A significant difference in blood gas variables was observed between the two groups. The anesthetic effects induced by tiletamine/zolazepam could be reversed successfully and safely by flumazenil alone. Therefore, flumazenil administration could be considered in cases in which quick recovery is required in pigs.
Pigs have become important in veterinary and medical research because of their increasing popularity as laboratory animals [9] . They are very useful experimental animals for clinical research in many fields, including human organ transplantation. Many drugs are injected intramuscularly for immobilization and the induction of anesthesia in pigs. Tiletamine/zolazepam has been commonly used alone, or to combined for sedation and anesthesia of pigs [7, 8] . Despite its widespread use as a veterinary anesthetic, little information exists on the cardiopulmonary values of tiletamine/ zolazepam in pigs.
Tiletamine/zolazepam is a commercially available, nonnarcotic, nonbarbiturate, injectable anesthetic agent approved for use in small and domestic animals [12] . This anesthetic is available as a 1:1 (w/w) ratio of tiletamine hydrochloride to zolazepam hydrochloride. The combination has been widely used for preanesthetic medication, sedation, immobilization and general anesthesia for diagnostic and minor procedures in dogs, cats, pigs, and nondomestic animals [4, 12, 14] . Tiletamine/zolazepam anesthesia is characterized by stable cardiorespiratory function. However, tiletamine/zolazepam depresses respiration and prolongs recovery from anesthesia, especially when high doses are used [10, 14] .
Reversibility under the anesthesiologist's control has been considered a desirable property of an anesthetic. An ideal antagonist to reverse tiletamine/zolazepam induced anesthesia in pigs has not been reported, even though tiletamine/zolazepam is believed to affect the respiratory system and prolong sedation. Tiletamine is a cyclohexanone dissociative anesthetic with no known antagonist. Zolazepam, a benzodiazepine, has been successfully antagonized with flumazenil [1, 15] .
Flumazenil is a benzodiazepine antagonist currently available for clinical use. In animals, it is primarily used to reverse the sedative and muscle-relaxant effects of diazepam and other benzodiazepines by working as a competitive benzodiazepine receptor blocker in the central nervous system. It is a 1, 4-imidazobenzodiazepine derivate developed as a specific antagonist for therapeutic doses or overdoses of benzodiazepines in humans. Flumazenil also has been used in veterinary anesthesia for the dog [3] , river otters (Lutra Canadensis), [15] and guanacos (Lama guanicoe) [6] . However, no studies yet have examined the use of flumazenil to reverse tiletamine/zolazepam anesthesia in pigs.
The aims of the present study are to evaluate the anesthetic and cardiorespiratory effects of tiletamine/zolazepam and the effect of flumazenil on the recovery from tiletamine/ zolazepam induced anesthesia in the pig.
MATERIALS AND METHODS
Experimental animals: The present study was undertaken with Landrace and Yorkshire cross-bred pigs (three females and three males, 3-4 months old). Their mean body weight (BW) was 35.8 ± 1.7 kg. The immature pig is particularly suitable for a variety of research applications, and different experimental models because of they were easier to handle and induce anesthesia than mature pigs. All pigs were obtained from the experimental livestock farm of the College of Agriculture, Chungnam National University (CNU). These experimental and housing protocols were approved by the CNU Animal Care and Use Committee. The study was carried out 14 days after procuring the pigs. The pigs were kept in a quiet room to avoid any stress-inducing factors during this period. In order not to induce metabolic changes and stress in the pigs, they were fed with a wheatbased diet in accordance with their previous feeding regimen. The pigs were fasted for 24 hr before the experiments, and water withheld 2 hr before anesthesia in order to prevent any potential adverse effects, such as vomiting or regurgitating stomach contents during anesthesia or during the recovery period.
Instrumentation and drugs administration: Sterile, 22-gauge catheters (BD IV Catheter, Becton Dickinson, Korea) were inserted percutaneously into the left dorsal metatarsal artery and ear vein of each pig prior to experimentation; pigs had been anesthetized with isoflurance masks (Forane, Choong Wae Pharma Co., Ltd., Korea) for the measurement of arterial blood pressure and blood sampling. After catheter insertion, isoflurane was discontinued and pigs were allowed to take a rest for the recovery for 60 min prior to drug administration.
Each of the 6 pigs received two different treatments at the rate of one treatment per 14 days in a randomized order. . After tiletamine/zolazepam was injected into the trapezius muscles, animals were positioned in right lateral recumbent position and analgesia and cardiopulmonary data were determined and recorded.
Induction and recovery: The times from anesthetic induction to the end of anesthesia, sternal recumbency, standing, and walking times were recorded.
Induction time was the time from the injection of tiletamine/zolazepam to complete immobilization. Complete immobilization was defined as lack of response to handling. Anesthesia time was the time interval between the injection of tiletamine/zolazepam and the first attempt made by the animal to lift its head a few centimeters above the ground. Sternal recumbency time was the time from the injection of tiletamine/zolazepam to when they achieved sternal recumbency. Standing time was the time from the injection of tiletamine/zolazepam to when they stood up without assistance for longer than 10 sec. Walking time was the time from the injection of tiletamine/zolazepam to when they were able to walk with no knuckling.
Heart rates, blood pressure and rectal temperature: All variables were measured at time 0 (preinjection) and at 5, 10, 20, 30 and 40 min after the administration of the tiletamine/zolazepam. The heart rate (HR) was measured by the transducer attached to a physiological monitor (PulscanComponent; Scionic). The systolic arterial pressure (SAP), mean arterial pressure (MAP) and diastolic arterial pressure (DAP) were measured by using a patient monitor (PulscanComponent; Scionic) and were recorded. The left scapulohumeral joint was used as the zero reference point for MAP measurement. Rectal temperature (RT) was continuously recorded using a digital thermometer (Pulscan-Component; Scionic) with the thermocouple probe that was placed deep into the rectum.
Respiratory rates and blood gases: All variables were measured at time 0 (preinjection) and at 5, 10, 20, 30, and 40 min after the administration of tiletamine/zolazepam. The respiratory rate (RR) was measured based on the thoracic movement. Arterial blood samples were collected anaerobically and analyzed immediately using a portable analyzer (i-STAT ® , Portable Clinical Analyzer, Heska Corporation, U.S.A.). The analyzer calculated sample arterial oxygen partial pressure (PaO 2 ), carbon dioxide partial pressure (PaCO 2 ), arterial oxygen saturation (SaO 2 ), and arterial pH.
Evaluation of sedation and response to noxious stimulus: The levels of anesthesia (spontaneous posture) and response to noxious stimulus (pedal withdrawal) were assessed at each designated times during anesthesia according to the following scale: Anesthesia score (Spontaneous posture); 0=Normal; 1=Being able to stand or sit on their hind legs; 2=Keeping the position of ventral recumbency; 3=Lateral recumbency with apparent spontaneous movement (head lifting or struggling); 4=Lateral recumbency with subtle spontaneous movement (ear and nose twitching or blink); 5=Lateral recumbency without spontaneous movement, Score of response to noxious stimulus (Pedal withdrawal response to pinching of a digit or interdigital web); 0=Hypersensitive or normal; 1=Slightly impaired; 2=Clearly weak; 3=Absent.
Statistical analysis: Values are expressed as means and standard deviation. Kruskal-Wallis analysis of variance was used for group comparison. Between-group differences were compared by Mann-Whitney U-test. Differences within groups were tested with one-way analysis of variance (ANOVA) and Duncan's post hoc tests if ANOVA gave significant results. P<0.05 was considered statistically significant. All statistics were performed using a computer statistical package (Statistics Package for the Social Sciences, version 17.0; SPSS Inc., IL, U.S.A.).
RESULTS

Induction and recovery:
Pigs in both groups became sedated after the intramuscular injection of tiletamine/ zolazepam and they all became laterally recumbent within 4 min without any signs of excitement. The induction time was similar in both groups ( Table 1) . Administration of tiletamine/zolazepam to 6 pigs induced anesthesia with a mean duration of anesthesia of 32.8 min. The intravenous injections of flumazenil quickly reversed the tiletamine/ zolazepam induced sedation in the pigs, giving the TZF group significantly shorter duration of anesthesia than the TZ group (P<0.01). While recovering from the anesthesia (Table 1) , the sternal recumbency, standing and walking times in TZF group were significantly faster than those of the TZ group (P<0.05). There were significant differences in the recovery from anesthesia between the groups.
Heart rates, blood pressure and rectal temperature: Data for the HR, SAP, MAP, DAP, and rectal temperature are summarized in Table 2 . In both groups, the heart rate decreased after the administration of tiletamine/zolazepam, but it was not significant from baseline. In the TZ group, the heart rate decreased within 5 min after tiletamine/zolazepam administration and remained consistently below baseline for 40 min. In the TZF group, the heart rate decreased for 10 min, but after flumazenil administration, they were higher than the baseline. There was no significant difference in HRs between TZ and TZF groups. A significant increase in blood pressures was observed in both groups after tiletamine/zolazepam administration in comparison to the baseline values. In the TZ group, the mean value for SAP, MAP, and DAP following tiletamine/zolazepam administration were significantly higher at 5 to 40 min when compared with baseline value (P<0.02). In the TZF group, the mean value for SAP, MAP, and DAP following tiletamine/ zolazepam administration were significantly higher at 5 to 40 min when compared with baseline value (P<0.02). However, there was no significant difference in the arterial pressures between the groups.
Rectal temperature was increased after tiletamine/ zolazepam administration, but it was not significantly different from baseline.
Respiratory rates and blood gases: Data for the respiratory rates (RRs) and blood gases (pHa, PaCO 2 , PaO 2 and SaO 2 ) are summarized in Table 3 . RR was increased after tiletamine/zolazepam administration. There was no significant difference in RRs between TZ and TZF groups. The arterial pH was increased during anesthesia, but there was no significant change in both groups. The arterial carbon dioxide (PaCO 2 ) was decreased during anesthesia, but there was no significant change in both groups. The arterial oxygen (PaO 2 ) significantly decreased at 30 min and 40 min in the TZ group (P<0.05), but there was no significant change in the TZF group. In the TZF group, the mean value for PaO 2 following tiletamine/zolazepam administration were significantly higher at 30 min and 40 min when compared with the mean value for PaO 2 of TZ group (P<0.05). In both groups, the SaO 2 was decreased after tiletamine/zolazepam administration.
Evaluation of sedation and response to noxious stimulus: Administration of tiletamine/zolazepam in both groups pro- duced a satisfactory sedation and response to noxious stimulus for all pigs in the study. However, after the administration of flumazenil, the scores for posture and response to noxious stimulus were significantly lower at 30 min [(P<0.05) and (P<0.01), respectively] and 40 min (P<0.01 and P<0.05, respectively) in the TZF group than in the TZ group (Table 4) .
DISCUSSION
In the present study, all the pigs were constantly induced to anesthesia, and there were little variance of induction time or degree of sedation induced between each pig. Administration of flumazenil quickly reversed the effects of tiletamine/zolazepam, with recumbency time, standing time and total anesthesia time significantly reduced as compared to the control pigs.
Induction of anesthesia with tiletamine/zolazepam was calm and rapid in all pigs. This was similar to induction periods recorded in other species with tiletamine/zolazepam [15, 17] . In this study, complete recovery from anesthesia with tiletamine/zolazepam was prolonged (146.8 ± 14.5 min) and considered smooth when an antagonist was not used. However, a significant shortening of the recovery period was observed when flumazenil was used.
Flumazenil is an antagonist with a great affinity for benzodiazepine receptors and has been shown to rapidly reverse all actions of benzodiazepine, such as zolazepam, without adverse side effects [8] . It has not been shown to bind strongly to proteins (< 40%) and has a relatively high hepatic extraction ratio (0.6). The initial signs of reversal are generally observed within 1 min, depending on the flumazenil dose and degree of benzodiazepine-induced sedation. Flumazenil appears to have minimal effects on cardiopulmonary function in animals [11] . The efficacy of flumazenil in domestic pigs is unknown, but its effects have been demonstrated in otters (Lutra canadensis), deers (Cervus dama) and cheetahs (Acinonyx jubatus) [13, 15, 17] .
The recovery time of river otters (Lutra canadensis) immobilized with tiletamine/zolazepam was shortened with the use of flumazenil at a ratio of 1 mg flumazenil to 25 mg zolazepam [15] . Anesthesia of babirusa immobilized with tiletamine/zolazepam was effectively reversed with flumazenil at a ratio of 1 mg flumazenil to 20 mg zolazepam [5] . However, Miller (2004) reported that flumazenil did not have any noticeable effects on the recovery from tiletamine/ zolazepam/xylazine immobilization in white-tailed deer. The effects of benzodiazepine antagonists could not be predicted for different species immobilized with tiletamine/ zolazepam [17] . In this study, the pigs given flumazenil at a ratio of 1 mg flumazenil to 25 mg zolazepam recovered significantly faster than the control pigs.
Moderate to deep resedation may occur if the dose of antagonist or the duration of anesthesia is insufficient [16] . However, in the present study, resedation was not noted in the few hours following successful walking in any of the trials, indicating that the doses of flumazenil used in our study were sufficient to antagonize the drug effects. Similar to results of Spelman et al., we observed a significant shortening of the recovery phase following the application of an antagonist. Tiletamine/zolazepam anesthesia is characterized by stable cardiorespiratory function. In this study, a significant increase in blood pressures was seen within 5 min after tiletamine/zolazepam administration, but there was no significant difference between groups. The HRs of the two groups gradually decreased (but not significantly) after the administration of tiletamine/zolazepam. On the other hand, the HRs in TZF group returned to baseline values, probably as a result of the reverse effect of the flumazenil. Respiratory rates in all animals increased (but not significantly) following tiletamine/zolazepam injection and the pattern become more regular with a marked increase in thoracic breathing. In previous studies, the administration of tiletamine/ zolazepam to dogs was reported to have reduced ventilation and decreased PaO 2 [14] . The most significant finding in the respiration and gas exchange portion of this study was decrease of PaO 2 following the administration of tiletamine/ zolazepam. The PaO 2 in the TZ group decreased with time, and was significantly lower than the baseline value at 30 and 40 min following induction of anesthesia. On the other hand, PaO 2 from five to 40 min in the TZF group did not show significant changes from the baseline value . Also, the PaO 2 in the TZF group was significantly higher at 30 and 40 min than those in the TZ group. Therefore, flumazenil antagonized the cardiorepiratory effects induced by tiletamine/zolazepam in pigs.
Flumazenil has a very short half-life, and animals can become sedated again if longer-acting agonists have been used. In order to manage resedation, flumazenil may need to be re-administered every 20 min, providing the dose does not exceed 1 mg/ 20 min or 3 mg/hr [2] . However, resedation was not observed in this study. The administration of 0.08 mg/kg flumazenil had a significant effect on recovery from 4.4 mg/kg tiletamine/zolazepam (2.2 mg/kg tiletamine and 2.2 mg/kg zolazepam) immobilization.
In conclusion, the sedative effect induced by tiletamine/ zolazepam could be reversed successfully and safely by flumazenil alone. Therefore, flumazenil administration should be considered in such cases in which quick recovery is required in pigs.
